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Motivation 
The motivation behind pursuing this research project. 


As personal computers have become an integral part of modern life, the 
computer literacy of the average American has risen significantly. With 
over 99% of the adult population in the US now familiar with computers 
(“Top 50 Countries”), the expectations for these personal devices also are 
rising—people are storing more and doing more with their computers 
(Bosomworth). 


Due to this pattern, the consumer’s expectations for their devices now often 
exceed the devices’ capabilities. Personal computers are limited by 
relatively small storage space and computing power, restricting the 
capabilities of the user (Cook). Many smartphone users are familiar with 
the frustrating experience of grabbing a phone to take a quick picture of an 
important moment, only to be told, “Cannot Take Photo: there is not enough 
available storage to take a photo.” Similarly, many programs cannot be 
installed on personal computers due to the computer's low processing 
power; high complexity programs would simply take too long to run. 


However, the manufacturers of personal computers are in constant 
competition to make smaller, sleeker devices (Bonnington). This 
downsizing trend has only enforced the pattern of low storage and 
computing power in personal computers. 


Moving forwards, industry will need to develop methods to simultaneously 
allow consumers to buy the sleekest device and have access to massive 
amounts of storage and processing power. While the popular solution to this 
problem thus far has been to invest in research to develop smaller 
computing chips (Markoff), this research project offers an alternative 
approach. 


Instead of having most processes occur on the personal device itself, the 
personal computer could serve more effectively as the interface between the 
user and a larger, more powerful central computer. Users would use their 
personal device to, for example, take a photo, but that photo would then be 
automatically sent to a secondary external computer to be stored. This 
would retain free space on the primary device, keeping the user unrestricted 


by storage limitations. Similarly, instead of running powerful machine 
learning programs on the personal computer, information could simply be 
sent from the personal device to a secondary, more powerful processing unit 
to be manipulated. Only the results from that processing would be sent back 
to the user, again keeping the personal device’s hardware unburdened by 
such high complexity processing. 


This project focuses on methods to execute the communication aspect of 
this approach. A digital communication scheme was developed to send 
information between two computers without error. For example, it proves 
how a photo can be taken, sent to a secondary computer to be stored, and 
finally accessed later by the primary device with no error. This project 
demonstrates how such a process can occur using only MatLab, and the 
speakers and microphones of two laptops. 


Previous Work 
A summary of the previous work supporting this project. 


Much of the previous research that this project draws from has been in the 
realm of digital communication, due to its similar focus on transferring 
information between two devices over a channel. Many of the obstacles 
faced in classical digital communication also arose in this project. So, the 
robust solutions already created for standard communication were 
implemented here to increase the accuracy of our communication scheme. 
For example, binary phase shift keying is a known and commonly used 
method to transmit digital data over a channel ("BPSK Modulator"). 
Because of the past optimization of this technique, BPSK was employed in 
our communication scheme. Similarly, the Hamming code was developed 
over six decades ago as an error correcting code, and has since been 
thoroughly developed ("Hamming Code”). A 7-4 Hamming code was used 
in this project to decrease bit errors in the communication of information 
between two laptops. Both of these methods are discussed in further detail 
below. 


This research project also parallels the development of more modem 
technologies that focus on connecting personal computers to central servers. 
Inventions such as DropBox and iCloud have begun the trend of permitting 
personal devices to utilize larger, more powerful external computers. 
Founded in 2007, DropBox quickly began generating revenue and attracting 
users (Barret). With the mission of enabling users to access all of their files 
from any device, DropBox allows users to upload their information to a 
central server, and later access that information with a username and 
password from any computer ("How Does the Dropbox Service Work?"). 
As of the second quarter in 2015, the company had a user base of over 300 
million people (Tarver). iCloud focuses on allowing its 250 million users to 
store data “in the cloud,” thus keeping space free on their personal device 
("Apple's iCloud”). 


The quick and widespread adoption of these two technologies shows the 
potential that similar technologies, which connect personal computers to 
external servers, have to succeed. Users seem willing to adopt technologies 
that allow them to access greater computing power, and not resistant to the 


idea of storing information in an external location. The popularity of these 
inventions validates the motivation for this research project. 


Summary of Approach 
An overview of the steps involved in creating this communication scheme. 


To realize this idea of a digital communication scheme between two 
devices, or in our case two laptops, we decided to use a 32 x 32 pixel image 
as a way of characterizing our method of transmitting and receiving which 
could then be upscaled to accommodate larger images. The focus of our 
project was split between developing a transmission scheme and a reception 
scheme. On a high level, with regards to transmission, we took this 32 x 32 
pixel image and converted it into bits, which were then transformed into an 
analog waveform using a digital modulation scheme. This waveform was 
then transmitted auditorily from a speaker on the transmitting laptop, and 
recorded by the microphone on the second laptop. When the user requested 
the image be retrieved from the secondary laptop back to the primary 
laptop, the secondary laptop played the recording back via the speakers to 
the primary laptop, where it was again recorded. Once the signal had been 
recorded, we reconstructed the original 32 x 32 pixel image using 
demodulation and decoding. 


Creating the Transmitter 
Step by step sequence of how the transmitter was created. 


The following section describes, in sequence, how the image was 
transmitted over the channel. 


Image to Vector of Bits 

The transmitter loads the image from the computer and converts it into a 
vector of bits. This is done using Matlab commands that first convert an 
image into a matrix of integers between 0-255, and then converts the matrix 
of integers into bits. 


Encoding the Message 

After creating a vector of bits, the transmitter encodes the bits using a 7-4 
hamming encoding. This is done through the built in Matlab function that 
takes a string of bits and encodes the bits according to specified parameters. 


BPSK Modulation 

The coded bits are converted into an analog waveform using a BPSK 
modulation scheme. A 0 is represented by sin(2 Pi fc t) anda 1 is 
represented by -sin(2 Pi fc t). A sampling rate of 48 kHz was chosen to 
generate these sine waves. Matrix manipulations and multiplications are 
performed to generate the BPSK waveform to be transmitted. Each bit is 
represented in .01 seconds, giving the scheme a bit rate of 100 bits/second. 


Sounding the Channel 

After testing for the frequency response of the channel, a modulation 
frequency of fc = 2250 Hz was chosen as the channel least attenuated the 
signal around that frequency. 


Chirp Signal 

Finally, a chirp signal, generated through the Matlab chirp function, is 
appended to the beginning of the BPSK modulated signal. The receiver uses 
the chirp signal to determine where in time to start processing the received 
signal. 


Playing the Signal 


The final analog waveform to be transmitted is played through the laptop 
speakers using Matlab’s soundsc function. 


Creating the Receiver 
Step by step sequence of how the receiver was created. 


The following section describes, in sequence, how the image was received 
and reconstructed. 


Recording the Signal 
The receiver records the transmitted signal through the use of Matlab’s 
audio recorder object. 


Removing the Delay 

The recorded signal is convolved with a time reversed version of the chirp 
signal appended to the transmitted signal. Since the chirp signal is unlikely 
to be similar to any other signal in the received waveform, the spike in the 
aforementioned calculation will be where the BPSK modulated signal 
begins in time in the recorded signal. 


Demodulating the BPSK Signal 

In order to decode the BPSK analog waveform into bits, the dot product of 
each analog sine wave representing a bit in the recorded message is taken 
with sin(2 Pi fc t)and -sin(2 Pi fc t). If the dot product withsin(2 Pi fc t) is 
bigger, a 0 is chosen; otherwise, a 1 is chosen. 


Decoding the Bits 
After reconstructing a coded bit string from the analog waveform, the 7-4 
Hamming encoded bits are decoded using Matlab’s built in decode function. 


Reconstructing the Image 

Finally, the decoded bit string is converted into the original image using the 
opposite process that the transmitter used to create a string of bits from an 
image. 


Code 
Below was the code used to implement the digital communication scheme. 
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Results 
Description of the major problems faced and results from this project. 


Extensive testing was done to determine the effectiveness of our 
communication system. Since the communication is done auditorily, both 
laptops must be within close range. One laptop transmits via a speaker, and 
the other records the sound. To test how effective our communication was, 
we calculated the number of bit errors that occurred from transmission to 
reception. Various 500 bit sequences were sent; then, the received, decoded 
message was XORed with the original bit sequence to determine how many 
bit errors occurred. 


Initially, when first testing our system, our bit error was consistently around 
250 out of 500 bits. This led us to believe that our demodulator was simply 
guessing when decoding, but upon further investigation, our bit error 
occurred in blocks as in the graph below. 
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The message would be decoded correctly at first, but suddenly, over 100 
bits would be consistently decoded incorrectly before the modulator would 
correct itself. To see what was underlying this problem, we compared the 
received analog waveform with the transmitted waveform. 


This revealed one major problem: there existed a frequency mismatch 
between the transmitted and received signal. Both signals originally began 
in phase, but due to the frequency mismatch, would become out of phase 
enough to confuse the BPSK demodulator. The graph below shows the 
same bit of the sent and received signal, represented as an analog 
waveform. This graph shows the frequency mismatch between the two 
signals. 
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At points, the received signal looks around 180 degrees out of phase with 
the original transmitted signal. This explains the blocks of bit error and why 
the demodulator would consistently decode an entire block of bits 
incorrectly. However, when the two signals became 360 degrees out of 
phase, the demodulator would again begin to decode correctly. 


To confirm the frequency mismatch, we played and recorded a pure sine 
wave at our carrier frequency: 2250 Hz. The sine wave would be played 
from one laptop and recorded on both laptops. Despite the fact that the 
same sampling rate was picked for recording, the DFT’s of both recorded 
signals revealed the frequency mismatch. The frequency of the recorded 
sine wave on the laptop that did not play the sine wave had a spike at 
2250.22 Hz. This slight frequency shift gave rise to the blocks of error. 


We mitigated this effect by transmitting the signal from the first laptop, 
recording on the second laptop, and then replaying the recorded signal back 
to the first laptop. Although the stored message on the second computer 
would be corrupted, the original laptop decoded the replayed signal with 
zero bit error, meeting the goal of our project. 


Conclusions 
A summary of results and future work for this project. 


By successfully transmitting an image between two laptops with zero bit 
error, the results from this research project show that this communication 
scheme could be utilized for our initial mission. It proves how data can be 
transferred to a secondary computer, stored, and retrieved at a later time. 
Additionally, this communication scheme can be easily adapted to send and 
receive images larger than 32 x 32 pixels. 


Further Research 

Were one to try and implement this scheme as a method of one-way 
communication, special attention would need to be paid to make sure both 
the transmitting and receiving devices have identical sampling rate 
characteristics. Alternatively, one could attempt to tackle the frequency 
mismatch problem by implementing phase locked loops as a part of the 
communication scheme. 


There are many possibilities for further work with this research. To further 
optimize our system, we could work to increase the distance between the 
two laptops while still maintaining 0 bit error. The bitrate of the 
communication scheme could also be increased through implementing 
different error correcting codes and image compression. We could also 
expand upon our initial idea by incorporating machine learning aspects into 
the scheme. Data transferred from the primary computer could be 
manipulated on the secondary computer; for example, it could classify the 
image, declaring a picture of a corgi a dog. This classification could then be 
sent back to the primary computer in addition to the image itself. 


Poster 
The research poster for this project. 


Works Cited 
The sources used to develop a motivation and an implementation for this 
communication scheme. 
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